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Introduction

MotionlQ is a powerful software platform from Motion Instruments that provides a comprehensive
view of your bike suspension. Setting up a bike is tedious and complex, that’s why you need data to
help guide your decision making. A lot of terms and concepts are conflated when discussing
suspension data. Topics like data acquisition, data logging, and analysis are discussed without
specific definitions for what the data is and how it should be used.

MotionIQ solves this by providing a comprehensive framework to describe how your bike is interacting
with the terrain. There are a number of unique features that make MotionIQ a powerful platform for
analyzing a bike:

e Analysis employs specific bike geometry and shock leverage ratio

e Comprehensive bike balance analysis for stroke length and depth of travel
o Front and rear stroke length, depth, and speed are normalized
o Side by side watermark analysis
e A/Banalysis, comprehensive side by side view of runs in a spreadsheet
e Cloud storage integration, your data is automatically migrated off of the phone
e FEasy data sharing via Text, email, or AirDrop (no internet)

By leveraging MotionlQ data, you will save potentially years of testing time. You’ll correlate the feeling
on your bike with data. Instead of guessing what’s happening, you’ll see clearly what your bike is
doing and what you’ll have to modify to support your riding ability and speed.



Data Acquisition Sampling

What is data acquisition? Data Acquisition is simply a task that measures and records data. It could be
atemperature gauge or a speedometer. Typically this task is measuring something in the analog
domain and then transferring it to digital. If this device is measuring at a periodic rate, then possibly a
timer goes off, a sensor takes a reading, and then something takes that reading and stores it in a file
with a timestamp.

0.1seconds, 5.0 degrees
0.2 seconds, 5.1 degrees

The sample rate is typically called out in some form of samples in specific time intervals. In all cases
we’ve seen, this is samples per second, or Hz (pronounced hurts). For MotionlQ, we use linear
potentiometers (pots) to measure a suspension. It’s a really simple device, it's essentially a variable
resistor. In our design, a processor feeds a voltage to the pot, then based on the position of the wiper,
a fractional voltage will output from the wiper leg of the circuit.
To understand how this works, here’s a simple example:

e Feedthe pot 3.0 volts

e |f the wiper was all the way open, the output of the pot would be 3.0 volts.

e Ifthe wiper was all the way closed, the output of the pot would be 0.0 volts.

e If the wiper was exactly ¥2 the distance of the pot, then the voltage would be 1.5 volts.

As the wiper moves, the processor will sample the voltage at a predetermined data rate, in our case
200 Hz.

Samples 2




In the preceding diagram, samples are taken at a periodic rate. For the sake of argument, let’s say it’s
1 Hz. If you wanted to know the sample interval, the time between 2 samples, this is calculated
1/sampleRate. For this case 1/1Hz =1 second. The sample rate for 200 Hz is 1/200 or 0.005 seconds.

Now that you know what sample rate is and how data is collected from a potentiometer by reading it’s
wiper voltage, there are a couple of other things you need to understand. All we’ve done to this point
is collect a voltage. We have no idea what position it is in distance. This is how distance is calculated:

e The potentiometer has a wiper range, IE 100mm, 200mm, etc
e We need to convert voltage to distance
e wiper-Postion = wiper-Voltage/input-Voltage * wiper-Range

So let’s expand our example above. Let’s say our pot is 200mm in length, and the feed voltage is 3.0v.
If you were to read a voltage of 1.5v on the wiper, what is the current position of the wiper?

1.5v/3.0v*200mm =100 mm

If this is good enough for you to understand the mechanics of how data collection works. You can skip
to the next chapter. But if you want to understand more, keep reading...

Resolution is a term used to define how closely you can measure between samples on the y axis. In
other words, what is the smallest change in position you can detect? In the analog domain, it’s nearly
infinite, but the processors cannot measure beyond a certain point.

In every embedded processor, there are special pins that you can feed an analog voltage to (as long as
itis not a higher voltage that the part can handle) and the processor will convert this to a digital word.
This engine is called analog to digital conversion, or ADC. Every ADC has a resolution parameter, IE
how many bits for a word. In our case, the ADC word is 12 bits wide. This means that a voltage read
into the ADC is then converted to a twelve bit word. Here’s an example:

inputVoltage: 3.0 volts
wiperVoltage: 1.5 volts
1.5v/3.0v * 2412 = 2048
2048 digital in expressed in binary: 1000 0000 0000

Another aspect of resolution of the ADC is it will tell you what the minimum movement you can detect.
In our 12 bit example, there are 4096 discrete positions (0 to 4095) that can be measured along a
potentiometer, no matter what the size. Here are some examples of 12 bit resolution for different pot
sizes:

e 200mm Potresolution: 0.0488 mm

e 100mm Potresolution: 0.0244 mm



So the smaller the pot, the better the resolution. To summarize, resolution is calculated knowing the
ADC bit width and the potentiometer size. Resolution = PotLength / 2*(ADC bit width)

Now that we know the potentiometer size, and the resolution. We now have the information
necessary to put the sensor on your bike. All we need to know is what is the stroke range of your fork
or shock, and where is the starting point? Once we know those data points, we’re ready to start
collecting data from the fork or shock.

There are whole studies in electrical engineering on just transferring information from analog to
digital. Doing this without adding a lot of noise to the signal is actually quite challenging and it’s not as
simple as just taking measurements in periodic intervals. Noise will need to be filtered out and this is
done in the digital domain. This field of study is known as DSP, or Digital Signal Processing. We’ve
done quite a bit developing our system.
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After making the changes and re-running the test, we’ve been able to get the bike balance. The
fork is using more travel, the shock is compressing faster. The regression lines are now pretty
balanced.

With any algorithm, you need to have context into the analysis. Bike balance is just a description
of balancing forces on both ends of a bike. We employ some simple concepts to describe
balance. Just because your bike is balanced, doesn’t mean it is set up correctly. You may have
balanced the bike, but at /2 the necessary speed. So the bike is going to feel very over damped.

Also, there may be situations where you need to imbalance the bike for a certain race. IE, a
super steep sustained downhill may require a slacker front end to make the bike feel stable.

It's important to correlate this data along with the feeling of the bike to get the correct setup.
This will take trial and error, but once you have this experience under your belt, you will be very
confident in your setup which will yield dividends at the race.



MotionlQ App Overview

The remainder of this document will focus on the MotionlQ app and will highlight the 3 major areas of
the app: 1) Bike Setup, 2) Recording, and 3) Analysis.

Bike Setup

Setting up your bike is quick and easy. The bike setup
screen allows you to configure the settings for your
particular bike model and connect to your sensors.
MotionlQ works with any bike model including hardtails,
N full suspension, air or coil.

u!l T-Mobile = 10:02 AM

Bike Setup

Mgeel Once you have named your bike, your bike will be saved

in the bike profile list. By tapping the upper left icon, you
Head Tube Angle will see a list of previously created bikes. Just tap on a
bike, and all of the sensor pairing information is already
configured.

Fork Travel

Rear Axle Travel
Rear Axle Ratio Bike Frame Geometry

Motion IQ analyzes your bike, not just your suspension.
Handlebar Button Connect MotionIQ uses your unique bike frame geometry to
provide the most accurate analysis of your suspension
performance for your specific bike. Your frame geometry
Shock Tracer linteed and shock leverage ratio is used to accurately calculate
the vertical travel and velocity of your front and rear axle.
This data is critical for properly balancing your front and
rear suspension. If your bike is not listed in our supported
bikes, send an email to info@motioninstruments.com
and let us know your make/model/year of the bike you’d
like us to support. If we can’t getit from the
manufacturer, we can precisely measure the frame
directly.

Fork Tracer Linled



mailto:info@motioninstruments.com

uil T-Mobile = 11:29 AM ) Blke Setup Files

Select Bike Model . . . .
elect Bike Mode Motion Instruments provides bike setup files for many popular

Generic Hardtail bike models. Selecting one of these files will automatically load
all of your bike settings including a detailed progression curve
for your rear axle. PRO users can share bike setup files with
GeREne Skl other PRO users via email, iMessage, or AirDrop.

Guerilla Gravity Megatrail If your particular bike model is not yet supported you can select
2017 Gravity Mode a “generic” bike model and manually configure your bike
geometry. For generic softail MotionIQ will do a simple linear
calculation for your rear axle position based on the sensor
position and the axle ratio you provide.

Guerilla Gravity Megatrail

2017 Trail Mode

Ibis Mojo HD4
2018

Ibis RipMo
2018

Intense Carbine
2018

Intense Tracer
2018

Connecting Devices

Connecting to your Tracer devices is easy.
Just tap the connect button and hold your
phone next to the Tracer device for a

Handlebar Button Connect moment. You will hear a “click” when the
_ connection is made. If your phone is set to
Fork Tracer Connect vibrate, then your phone will vibrate once

connected to the device.

Shock Tracer ' Connect

MotionlQ eliminates connection errors by
only connecting to compatible devices. For
example, if you are connecting to your Fork Tracer the app will ignore all Shock Tracer devices that



might be nearby.

Tracer devices will automatically drop into sleep mode when not in use. To wake them up just shake
your bike for 1-2 seconds.

All connected devices will be saved automatically to your bike profile. MotionlQ will automatically
reconnect to the same devices the next time you run the app and select the same bike profile.

If more than 1 device has access to the hardware, it’s a first come, first serve connection. To avoid
confusion, only allow 1 device to be active when connecting.

To connect the handlebar button, MotionlQ must have internet access when connecting. If another
MotionlQ app wants to take control of the button, then the user must push the button for >10 seconds
when connecting. This will sever the prior connection to the button and allow the new user to take
control.




One Time Calibration

When you have all devices connected you will calibrate your sensors. This will set the zero point of
your suspension. Tap the calibrate button on the bike setup page and put your phone down. Lift your
bike so both wheels are off the ground and then set it back down. This will fully extend your
suspension for a moment. Go back to the phone and tap done. There is no need to calibrate again
unless you move your Tracer devices. Once you complete calibration you can exit the bike setup
screen and return to the record screen.

Bike Setup
Name

Model

Head Tube Angle
Fork Travel
Rear Axle Travel

Axle Travel

Rear Axle Linearity 0.156

Calibration is Complete

Handlebar Button Linked|

Fork Tracer
Shock Tracer







